Nitrate and Chioride Loading to Groundwater from an Lirigated North-Central US.
Sand-Plain Vegetable Field
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ABSTRACT

Graundwater pollufion sud assucisted vifects on drinking waler
havi increased sith the expansion of irrigated ayriculture in porth-
comtral 1%, sand ploins, Couteslling this pobtution reguires an ability
fo measure and predicl pullitnt losting by speciie ageienlturnd sys-
fenys, We memsnred MOy and O isading to wranndwater heneath o
Wisconsin central sond phifn breigated yogetable field using buth 2
gt method and 3 Bew monitoringlased mathod, By relying on
Freguent mestitering of shallosw pronspiwitor, the new method nvers
comens svne Rniteiens of other methods. Moniering-hased and bud-
pet methods agroed wel, and indivated that louding to growwdwaiey
wik 165 kg ha P MO aud 1 kgl L) for sweet corn (A ra mavy
L% i 1992, and 228 hy hat NOCN mnd 360 ke e O for polata
shpdanam fuberesion Lad in 1998 N | toading was 56 1o 6%
of availatde N, or 56 o T of fertilizes N Sweet comn G, foading
wis abssut fypieat for this region, but poiate (3, loading s probubly
36 greater o fypiead heonese heavy miins provoked extra fertilizey
application, Uur resulls oply that fypicad MO N Joading wonld be
149 kg ha | for sweet comn and 203 kg ha " for pudatn, evel with
stried ndberence 1 University Exsension {ortilizer revommenduting,
Ta kovp average provmdwater N3N within the Womg L0 LS
drinking water standard, enh irvigated segetable field worthd neod
fos b udfset by five to cight times anteh Toud sapplying NOfree
proandwater recharge

warEn agriculiure has expanded gightiold n the
sndd phainz of the humid, poeth-contral LISA
{Bujwa ot al. 102 Maossharger and Yost, 19
hat not without eaviconmestal cost. In particudar, sub-
staniial groundwater potlution has resulied from the
Fqaricutinral systems demsding large mputs
of fertifizer, pesticide, and ingation waler with a physe
eal setting that includes coarse soils and shallow ground-
water, For instanee, in the agricullurnd statistes o
that containg much of the Wisconsin ceniral sand plan
(Fig, 1), 22% of domostiv wells excead the NU» maxi-
i comaminant fevel OMOL: o UKL drinking watey
standard b , cohtaim detectable atrazine { 2-chlora-
*iE':}-’E:;smira{_'s»ﬁuimg’s‘;‘op'\:‘imnms:f*--.\;“i;‘i;:‘a' i
i alirchlor (2-chlore-27-0 <dethy
acetanitide (LeMasters and Baldo
e Wisconsin central sand plain whre irvigated agricite
qure 1s the dominant lend use, more tha ool wells
Ay eXEe MOL (Central Wisonosin Ground-
water Center database. unpublished data L
A connection hetween agriculture and groundwaler
fablished (Holkden et ab, 1992 Hamd
Sy, What is needed is the ability w

Pubbsisst in b Eaviren. Qual, 303 P T ERE

measure and predict the mass loadi
o groundwaler {rom particular dgriculty

g of contamimants

il e,
Such an understanding would be uselul for ot
groundwater quabty, determining bow much agricul-
rural lond use @ siven physical setling can support. s
mecting groundwater guality goals.

Crur objective was lo determing MO, lowding W
eropndwater underan irrigated vegetable field, We oste
mated NO, loading from the 1992 sweet com andd 1993
potate crops using @ novel waderyeer method bused
on monitoring of shallow groundwater under the study
field, For comparison, NO-: loading was also estiated
with a budget approach, and the same maethods were
applied 1o C1 loading,

Loading-Rate Estimation

Solute Juading to groundwaier in agricultural gystems
< pfien been estimaied by collection and analysis of
sofl pore water, monitoring of drain-tite ciffuent, pan
or monelith lysimeter studies. and muss-balance compu-
ations. Fach has its owa Hmitations.

Determining solute loading from soll-pore waler ex
iracted in situ by suction {e.g. Penilio etal, 8 § oy
ex sity from soil cores (Hill 19861 entails several charac
teristic prablems (Hansen aml Hareis, 1975 Haines

al. 1982 Kinnibureh and Miles, 1983 Kung. 15
Wehije et al, 1984 Barbes and Brown, 19863 Each

ample represents only @ small volume of siil, s many
sagroples are needed o characterize o heterogontuus
frotd {Hart amd Lowery, 1997301 rential flow paths
are Bhely to be missed by randomly located suCtion
wrs o soil cores (Shuford and Baker, 19770 hung,
(U0, feading ty an underestinute of peak sidute con-
centrations {(Kung and Donohue, 19913 dn 2 dition,
sample composition may be aliered by the extraction
process {Kinniburgh and Miles, 19833 or by chemical
reactions i samples waiting to be coflected (Magpal,
19821, Finally, extracted pore water anly provic
ran datas water fun must be determined sepa-
o aflow solute foading to be caleulated
oo Milburn ot al. 199 Mudramootod
et al, 5 Rundal] and rigovarapu, 1993) can collect
water from o larue arca, avoiding some problems 3]
field heterogensity and prefersutial How {Hallherg el
al., 19863, However, though tile efffuent is often as
sumed to he equivalent o groundwater vecharge. lea-
chate can bypass the drainage fines {Wiadivko b al,
1991, and in some cases the drain-tile siffluem iwludes
upwelling ground v and not just Held leachate {Bergs
cirenn, 19R7) Thus, both flow volumes and solute con-

4oy

¢ lovel MLE mulithod

A bbreviatioms MOL. mavirmum o

e ROneT.
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centrations can be in error. In any event. messuring
ioad‘n‘ag w«mzn uk drains is only practicable in bigh-wa-

Pdn 1\'\11‘!‘&{{,1‘« Tyler and Thomas, 1977 Jemizson and
1994} mmpic from a somewhat kirger arca than
\mtmn samplers or soil cores, and thus are more Hkely
tey intercept preferential flow. However, they are small,
any pan lvsimeters would be needed to dds,qzm{a:h
nt field heteropeneity. Installation can oreate
substaniial soil disturbance, which may introduce error,
at least temporarily {Watls et al, 19913 Pan hysimeters
piﬂ&ld& both soneentration and water-flux data, but of-
ten the eodlection efficiency is assumed 1o e 0%,
which is not necessarily v valid, Jemison and Fox (1094)
determined o pan efficiency of 532% by a Br balance
mwthod,

Monolith fysimeters (Saffigna and Keeney, 1977, Sal-
fiena ef al. 1977} allow better dtiumumt’on of water
Tuxes than other methods, but edge effects on plant
wih and hence transpivation can be substantial {Ber-
1990, and the lvsimeter wall can create prefer-

ths {Cameron ¢t al, 1979). Small-diameter
s force flow into vertical paths, whereas undis-
rurbed {low paths can have o major horizontal compo-
nent, for example under funnel flow conditions {Kung,
Many monolith lysimeters might be required 1o
1t field-scale variability
balance budget methods @ been applied
sy fines toa wide variety of uup md ithe principles
are well known {\’ius;rmi and Randall, 1991), The
main problem is the difficulty of estimating some impor-
taat fluxes, Mineralization of soil organic N and, to a
lesser degree, atmospheric inputs and cutpoes {(Broad-
Bent, 19817 are particulardy froublesome.

Estimating sohute loading to proundwater by directly
asuring concentrations in groundwater, as i this
_ 12 potential to reduce or gvord problems due
oif water being unrepresentative of groundwater,
ential flow, soil disturbance during equipment in-

STUDY AREA
The Wisconsin Ceontral Sand Plain
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+y well-dratned, s
matler in ¢ Ap Borieons, @
in subsoils. Pleistocene xad;mcm ¢
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Fig. 1. Location map and distribotion of maltileve! piezometors i the
study field.
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(L Memr], or { P setforsine 1.3, in that order u§ i

gueney (D, . pe ;snmé COMIRLY 19991, i\pimﬁ
fortilizer W Jm:im crops are (1 ‘mc(;uik} 258,
T30, 200, 180, 87, ¢ Sost CF arrives in a single
spring appheation of K€ anure i mrni» aii);”
inputs to this systaerm are pr 1 hy
Fiold ups,,sm:( frequently
Hat

4

i ;"SM!MB «imﬁ the hwums gouf ?um Futrﬁmz m“t ruls
wd b 1o four additional tmes
i safion water. Trrieation wells iy or
mgtthc shalbow Pledstoceny suuifer, and {E’?( water
iy, i ,mam

Ew Mmﬂis
next o fiel
is distributed by sprinkler. Dapmum. on
water is apphied about 15 4
irrigation. Irrigation inu ; ‘:-kiis‘)r; of i‘icl 5 b}.“'
about 100 mm v freigs rion ﬁxu ne pereclation amd
solute feaching (W ceks o al, 1963, Weeks and Stangh

1971} Nonadsorbing solutes usually leach to the water {able
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ihin a fow months alter applcation (e, Markinet al, 1986
Bang, 1990
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dient, a hi { a, CL K. and L5 P
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METHODS

Instrunmentation, Sampling, and Analysds

frehd was Instruwmeetod fn P99 with six mubiflevel

hocontaining {9 POFLS DVCT & i
contingous serzencd Jongth of 340 cm (Fig. I In carly 1994,
gy 1o five fonal ports were added above the oxistin
s 111 response 10 o rise o the water whie afier the heovy
vaindadly bowever, these were only avatlable for the las
ampling round of this study, Move du:aii about nslmenia
iow s pling is st Roratt (20001 AdMLPs were
placed maore than one nmmﬁw vt travel distance wway
from upgradient fig 'id '

s thad g mm;.’itic yizar of rechs »-)u ?mm mmé«; thys .Ad i WO
b avadluble within the sampled eone.

Groundwater was sa piv tmes from Jarnary (992
i April W‘H at depending on
:NEK v ooy alternate
N oamdd O were
automated oolovimoiry {Lachat Instruments,

T styidy
s {MLPs ¢

It

i

il

TUsh, BRYY i u cevtified In k He has been unde-
ety of minseule relative to NO, i this setting [R

\ic; hu’i\ pursonat conim mnduotion, PR so w

N i Fey C : :
depth profiles were constructed for cach MLP e ©
smnpling date, These were displayed seguentialiy,
3w apply the water-vear Jo methesd,

Water-Yeur Loading Method

The theory of measuring sohsle loading by the w
mcthod is Hlustrated by Adl proundwater rech
nating -\Emmu O VEAT IR B FRgion ia‘w' ares ,-’s
e aquiter.
}‘éw A The v
the volumolrie
the elovati

of water will also contab
fve solute wo are imm“c%t
coneentration Cwere i a‘;éi'{)s‘m wi{
13 R‘ mwid Ea\ 1/?(

of ¥,

Lihe s e o
and soenunting for

G concentration {mg L
Fig, & Arrival and downward movement of .,mmml L1 pudee in one
stizdy field mdtilevel piezometer (MLEPL Five snapshots are shown
of 1% profiles eonstrucied aver the period. {Ses text)
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wieA = 80 de i1
The challenge o nplomenting e wateryear method s 1o
determing 7, and 2 We accomplished that by wsing 1 from

i'ez‘;.i@i;\:c:r as  fortuiious pacer, Chdoride was applicd to the
sty field as KO fe ";. fares dose each year, 36
for a{\ d befire plant 2 O was feached be svorid
the reach of plagt poots b *‘pmzu ains, as indicated by | Farkin

et Al {1TOB0} and Kung {1990a) and by solute transport Mmuii
tions (unpablished data, 1996}, This C ormed o pulse i the
v rone *%mi i vime, moved o the water lable. The
struciure of the (1 pulse was retained In conpeatration-depth

E-“‘ s i the A.E:Eumkd zome, Thiz is Hlustraded in Fig. 3 for
fhe 1”‘3? waler yvear, In the July 1993 profile, the leading edge

of the 1993 O pulse s present near the water table, Subsequent
profifes show the continued breukthrough and downward
mevement of the pulse. In the April 1994 profife, the emire
a3 (4 g‘x;iw is in the satarated zone, and a new pulse s
arriving at the water fabde from the 1994 RO applicution. e
profile, O mindma at 6.2 and 2.6 m depth bracket the
33 O pulse. These depths correspond o o,
W refor o the depth range in the aqmiu containing one
year's recharge as @ waler-yer itervel, operationally defined
as the depth range bejween O minima, Delinealing the water
yuis fntorval i undwiter wing O peemitied monitoring
v estnate loading of any solute during the
;s};ry&pnm‘inw vear, That is, onee the water-year interval was
Jetined. calonlating the Am»&nLnEﬂ«: in that interval prewided
wre of soluie loaded furing the corresponding year.

dwater-year imtervals for each MLP by compar-

@oan
We dentifis
ing a i sories of Ol concentsation-depth profiles, When

the water-venr inderval was within the sompled zone of an
MLP, wi celoulated the solute load fov that wator vear, using
@ discrete version of Eg {E

mid o= B

2l

ports in the range
5 the

whers # and Jare the bottom and wop MLP
smm : m i1 C ﬁs lhs': CONCe mmii\;rn Eu port poamd Az

r inte mxi E ii :;t he p«,m 5 Ee,,; uiEz WA a.;:s&;igm:z;i iy gach
ar ,’zqmiu porosity {cguivalent, In the sslorated rone,
1y volumelric water content) was 040, a8 determined from
measurements on intaot cores oxtracted nedr the study feld
{Braft et al., i
Usually, a givin w

grer-vear intervad remalned in the monk

s soviule

We could estimate the water ves
virtually all the water-year interval

toad s long as

arther upgrd
I‘!ms. \mt&i‘-—-yca 'm}i'i?’!c*: S0 ;p,gd i

)
e

Mitrogen Budget

We used the budgel method of Mueisinger and Randall
1001 10 calofate NO-N Inadi g sccording o

3‘"‘?;*1 = f’\’?i:?pui i*jéf
i tonp-term potentinlly leac ! nitrogen,
are M cmming and feaving the m-iai betwaen

oy and the hottom of rant zone,
storage. We usidd NV, a8 our budget-
toading to proundwater during the

ahle 4

whers

iu‘nc ic%mn m £
poricd betwe .
3and other sonadsorbing solutes have been foand 1o loach
v {within months) o groundwater i study-area soils,
especiafly where the vadose zone iy thin (Harkin of al., 1986
Kurrg, 19%0a),
components considered were fertilizer, atmospheric
deposition, and crop seed. Fortilizer amounts were oblained
from growers’ recor pnospheric N deposition was asl-
meated 8l 2 kg hat sk on g review of work by Hoelt
&-{ Al (1972 and others, Corm seed would tug ph & neg
3 ke Nohath and potato Vseed” @ kg et Ovisisinger and
Rwdm W" }

I

ti “c"‘s i»? E J' ?u W‘)’ wu.{ ROFR Mmj .EU ka im L i\n 5.
;Wi sm Vu u.iuumi&d ary X

E&‘.mi‘iiii(m. Meis Siad 1
centrations {d r“ yatier) and modsture confent for numerous
3, piving 8 "ge “and 3 Ccommen valae” gear
the middle of the sweet corn, we adopted a N
conceniration of 4. fowhich is the comunon valoe cone
verted 1o the concentration in fresh cars with husks {'E‘,iw g
eral range is A8 1o 4.9} Local i b
contents were gvailable ‘ al., 1477, humis
et al., 397 Wilner et al., 1 N concon-
tmtum FHite ui w{} w 3 é*s 2 }w

e

Fig. 4. Mealized movement of recharge water and solufes bepeath o
region 4 oo rrigated Held, Recharge water infillraling st a given
tinse deseends as u plane through the vadeose zong. After reaching
the water fubde, its psvement is predominantly horteontol but
dowmward component rowaing which secounts for the ¢ in ¥
virtical axis. Recharge originating botweon twe dates eceapies an
abligue prism bracketed by glevaiions 2, snd 2.

trification or grosio
soil and aquifer pr
and Bumdy, 1987)
Miseellanzous RABLCH ESEH imm soil and uu;mw m Ewwd
g3 be small based oo Saffigna ot al, (1977}, and were estimnted
at 7 kg ha o for sweet corn and Y kg ba ™ for potato (Meisingor
and Randail, 199 3

AN, has three potential components inorganic Nogrop regi-
due, amd soil ar ante mutter, We assome that inprgame aad
crop-residue N are the seme at the béginning and end of the
budget vear, and therefore AN, from these i zero. This &
conststent with measarements of the fate of N s ovop residues
i his drrig epetable cropping syslom (Andraski and
Bundy, 1999}, Therelore, only soil organic maiter mineraliza-
tion contributes 1o AN, Oherle and Keeney {1990} estimated
N mmwﬂmxtum on E’Eam ield loxmy \dml foy be 43 kg ha?
yvirt doring the growing season. However, their method did
tml distinguish Jm;mph qxie N deposition imm mrineralzation.

WETE jus:iw- : slhip
aries {ﬁf. Szii‘fig,m ot ;ai..
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Chloride Budget

W computed a O budps \‘emihr 108 4 gol. Inputs
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RESULTS
Water-Ye

Chloride breakthrough for the I8
m fuly of mm vear, The 1993 b
Apnid i one MLP. Wet co
in May and lmm and breakthrough had
i all other MLPs, Watcr-year in
med in I‘Ezs: e r‘s:d ‘;s‘mc a&?;

ar Louading

2 water yoar bag
akthrough began by
dittons preventod sampling

It %‘i:?j,' Qluiy

3

OF 1 ui\ mmpi 1o \utu SHOAT : wi mui i\fii.?
{Table 1) Leading obsorvations lor s’:;.k’;:h waler year

Fable 1. Mirate M oand O water-vear Foading for 1992 and 19493,

VL

3y, Y- AL

were averaged aoross sampling events i individual
MELPs. and then g erand mean was caleubited for the
add average londings fur the ! ‘JU"’
S ear, wh«m ':‘_»\ms:i corn was grown, of 163 ke ha!

) ha™t of O l;s ‘Ww with politas,
i Emu\ Were o ha” NG -N and. 366G
'l T masimim sji iuez;s‘»: amons ML Psin

¥

\ Em«imﬁ in ) mu:: waler vear was 70

! i‘w 3 {[uhi : E"; Sone

Arh s gl
‘mid uj%?s, effects, Hw mnz hdd h Ei uumd 0il ke
ha U less fertilizer N than the south all e 1993 hocause
of poor trafficabdlity, Loadings that vear averaged 48
ke ha ! less NOeN innorth-half MLPs (81 and #3) than

in the south ball, We cannot be certain how much of
the loading reduction resulted from smaller fertifizer ap-
plications, becavse of aconfounding effect whcrcm X
ing of dient groundwaler infludnced the deeper
! the two marmv‘ﬂ fimore upgr ‘-zdzun MLPs
{Stites and Kraft, 2000y, despite our efforts to ;ii&w all

k,

ML Ps more 1imn one ‘sd:i{ s gumndx aterirave
from feld edges

&

. Hewever, ihe difference in N
foading between mc north ;'zmi south halves :
anly T ke hatin 1992 when fertihizer was apphied uni-
kv, supporting the possibility that ihb h :tEi" r;‘cciviim
: fertibizer m 1943 loaded ]
The r: HNRE “Hoading estiny
64 ke ha P2 amd 126 amtin 1993
2 M joading among sam-
pling events ol the same ML P was abiut the same mag-
nitude as the range amony different MLPs, averaging
a0 1o 73 kg ha T rmpomi variion was
;:E least parth iy, samples
collected on dilferent dates origma ‘d at different post-
tons upgradient of MLEP: e, temparal varition
i estimated loading refled Hormityin fe
apphication or pro tribute CFor M.
range i Clloading estimated on different dates varied

3?

w5 Among Mi Pa hpl nned

s in
The temporal ray

Migraie M L idpride

Hleng Mean
KLPY Ergptess hservationss Eossaibing Rang Fading T
kg bat
FRUAR
1 k- S0 7 184 128243 ¥ TF-51
X Zipednd A 137 K1 8% TE- B
R BEL-S0 2 144 §46- 18 {39 {22133
4 RG-S40 2 2487 {83-230 156 12i-191
& o463 & HEEE ERE 8 £ i} [ el
# ERI-T28 4 157 {44173 {E3 9f-E52
Yeun 165 18§
Sid. vrror ] it
HR
§ Ji6-4832 T 283 A3 I3
2 2R2-482 & 8y ) {85030
3 2ET-82 5 243 34 G452
3 IXT-482 5 pisy] 448 3 35
3 I8T-4R2 5 224 32N 23431
[ AT 477 ¥ 50 [ Ax2
Hlean 238 it
S ey 12 2y

¥ Sludtilevel plezometvr vonbaer,
7 Traye after the beginning of the ealeadar yeor

5 Mwwber of sampling events when the monitered seoe cmdagined a complede erough waler-year profile o permit calaudation of the sewual foulieg.
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Tuble 2. Sunmsary of PRI2 and P93 N udgets, incloding budget-derived N

1181

 oadiag. Walsr-year 8 imuim;_ s pravided for vomyparison.

Hiest values for N cutpuls are based on the most likely barvested crop N concentration the range given is based on Heralure values,

Repurate estimates are shown for the ficld halves in 1993,

when halves were managed dilferently.

N loadiag

Flaryest + gasesus hsses Budgei-hased
Fintd-Raif Crog Acvailuble MY Bast Hange Beat Hamge Mean
kg o
R
Buth SWREE COFTE 95 s HI-133 7% i54-193 163
Marth petate 353 118 Hi-136 bRX 2352581 196
Souih potafe 411 118 HHE-1 36 93 274311 233
Kloan poiato 381 1i% 136 263 244-281 238

1 Fertilizer, precipifation, and minersiized M,

fromm 13 kg ha b oat MLP 3 1o 70 kg ha at “\‘il F‘ 4 in
1992 and from 92 ke ha™! at MLP 3 10 }

MLP 2 i 1993 The larger ranges of 1993 correspo
with the L3-fold larger 1993 O application.

Mitrate and Chloride Loading from Budget

Hudget-derived NOp-N imdms\ was 179 kg haot for
the 1992 sweet corn crop, and 233 {porth field-halfy or
293 (south} kg ha ™ for the 1993 potato crop (Table 2}
These values are 8% more than the water-year N{O-N
loadiog w1992 and 13% greater in 1993 {norih and
south field halves averaged for 1993}, Given the wncer-
talnty in N-budget parameters—aspectally crop N con-
centration-—and the variability among MLPs, the agree-
ment between methods is remarkable,

Budget-derived O loading ranges based on the ex-
tremes of the input and output ranges were 93 o i"\
Ew ha *for WQ“‘ S *ui Lo and ’%31} tn 3 ~E i

ater- }wx tmdmg m i&fi}l and 87 to Z{JE% in 1993,
The water-vear and budget lomiings appear 1 be in
good agreement,

PHSCUSSION

The water-vear method was successbul in this seiting
for measuring NO,y and O toading o groundwater, Ad-
tribwtes of the physical setting that promote leaching of
solutes to groundwater during the vear of application
{hunid climate, coarse soils, and shallow groundwater}
cortributed to 1 I's suc The v

b smrethoid
method mipght not work as well whers the vados
is thicker, becaose a thicker vadose zone could
to greater solute dispersion or larg e pre
Ao paths {e.g., Tunnel Aow; Kung, 1990b). causing ihm
Clpulse in g(mmiwater tor be less distinet. The ;mt%’u)d
could be impractical whare the vadose zope i leos of
meters thick or where finer-textured sediments Hmit the
rate of solute loading to groundwater.

A ampoxidm question is how ¢ v the measured
N Ioading during a water year corresponds with the N
feached by that yvear’s crop. They are nob necessarily
whintical, bocguse a ornp may contribute some leachable
N that does not appear during the same water
In parpicular, this bind of discrepancy could develosp if

mineralization of croperesidue M 8 delaved and the N
content of the residues differs substantially between

suecessive years. In the conditions of this study, the
potato vi d sweet corn stalks decompose rapidly

v mineralized before winter, Almost
none of the croperesidue N is available to the fodlowing
year's erop; even a fall cover erop was found to recover
only about 2 kg N ha " from the provious crop’s residue
and leltover mhium combined {Bundy et al, 1997},
Moreover, the difference in average residue nitrog
content for these fwo Crops 1% rather small compared
with the entire sitrogen budget: sweet corn residug aver-
ages isiﬂmsi Uik ke N ha™t and podato residue about 8
kg N | {humh et al, 1997 Andraski and Bundy,
. *)9*)_},‘ “E hus it s reasonabde that the water-vear Ia_mdm,g.
estimate closely approximated leachable N estimated
from the budget, The potentinl for a discrepancy be-
twoen crop N caahm; and leaching during a fised time
period applies to any N losding measurement, except
perhaps isotope teacer methods.

The water-vear muthod for mensuring solute lodding
to groundwater has cerlain advantages over methods
that rely on v «ima, ZOIR mumlomw Loading s mesa-

' : han inferred from
‘um smk water smnp es, Thus, hy-
5 .mpic:r:»; by preferential How and d;iimuity
off wstimating water flux become nonissues. Problems
duw 1o soif disturbance are also mindmized because hori-
zontal growndwater flow transports water 1o the MLPs
from optsicde the disturbed zone, Spatial varisbility of-
fects solute loading estimates by the water-vear method,
bt at larger seales than radose zone methods, Load-
ing estimates derbved from vadose zone methods en-
counter variability at the scale of soil smmples or pore-
water sampling devices. In the saturated zone, recharge
from a larger volume i bskegrated and sampled h*»,
MLPs. In this study, six MLPs appear to sulficiently
represent the study lield, as the standard errors are only
& to 10% of the mean {Table 1),

The agreement between MO, loading by the budget
and waler-yvear methods holsters confidence in he
toods for m ring and predicting NGy leading
budget-derived MNO, loadings were shghtly {
greater,

m
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T
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The
8%
Agrecment between methods was also good
for CL Budpgat-derived loadings were sensitive 1o the
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‘ ¢ crop which, for
potato, has a wide range i the Hievature, I the average
priato-tuber N umwmmﬁmn reported by Meisinger
and Ramdall {1 imj been used instead
of g locally b n (2.4
loading estimat irycr;
than 203 kg ha™' La ¥
results arg W bo o bum*sud from tha n

Mitrate loadimg Lo groundwater const
site ;!m;‘nntgm! ni N *z:pm i,wii ¥

Uy, the budget
G ke hatorather
soortant H acourate
c{ ms" i nd

n s}mugh
3 i EW”

fertil
i 19Y3 5
T of fer mw N ooy nii"‘- fabde M (Table 2}
Nitrate loading from the | SWEET SO Ty WS E"
nmhum ‘?‘hpmmm mainly because pofato was fer

N _
g‘:ﬁ‘c;‘;ipiu’ i

Sompanson of this st why's sweet corn loading with
others is difficult because the literature i scant. Far
more loading Hierature s @ 'Eabh: for freld corn, but
ot be apphonble. A fucker
smdd Hauek (1978) upm : with
feriilizer i ¢
] o of 34

L 1% i 14‘« gif _m masimm
L bl our Jertiliver N

HIPHH
proporiion of fertitizer N
of their range.

by And
\I nﬁmmuoum it di E‘)‘ﬁ; h,pe:m MO '\ Ewddumﬁ of
Ste Frke ha'h or 3 o 38% of fertiliver NUin dead
tile efffucnt with fertilizer rates of | ii"‘“ Lo 200 kg N ha
¢ estimates were prohably low bocause winter and
v ospring leaching, v
LURGY, was ot captured. Adso, (imiit‘i*'ic;‘ctmf‘!
where tle drainage s used) may haw ,
gvailubde i) leaching in those siud in a soib-cortng
study, Hilt {1u86} zupnrh a ey N loadiog of
134 kg ha™', which w as 7 tnc imputs frons for tifizer.
p;‘ 'fipiz:;:aiiszm. and frrigatior ithar to the piu;:oliwn
al, {1493 Fporas-cup samploer
a sand-plain site, and found N e ,uhmu
69 kg hy W% of the fertilizer
; ul m ?){. ) Ewﬁi ke ha L Thew samplers were proba-
bly not operable in winter, o these leaching amounts
wre likely o be underestimates, The most r:m‘ﬂp"n"z-zh @
study Lo ours was that of Saffigna et al (177} beamy
#owas conducted in the same ares and had the most
complete measurement of N fluxes. They measured 120
i 215 kg ha N leaching m monolith lvsimeters,
an average of 58% nf fertilizer -+ irrigation N, or 47%
of available M. These leaching amouts and DrOPOrTHIS
are somewhat kess than curs, ;mﬁ'a bly because our study
field recetved karger fortilizer mmm

The agreement between measured (water-year) and
budget-derived NO-Nloading suggests that ii e bm
method can be used for estimating low
central sand plain vegetable pmdmmm wxiumx For

which can iz: tmpartant {Hill,
hE\ v

RN R B

ALIGLIST 2

1} fertilizer N oinput i about 200
mat comnunication, 1997 and
rsonended Noinput s 163
B Based on a long-term

4 of 20 My ha e
;';‘xmi(f:;ii(m. OO0y, the i%udwi e
4 Cor iypical input
,smnwnd‘*z;i input. For potato,
fequal to the University
} KLension reconune mig msat} s 3 S8 ke ham () Exol per-
dona ;‘muiin harvest
Miii()ihli \v mi

sweet corn, EE'}L y;."
ke ha

the U sim,is;m-
i‘m 5 {i-ili'xzxiw

tural Statistics £k X
for the tepical {or recomme e ;d npel.,
A modest grousdwater quakity vuai mught be that
hasin-averaged NU-MN does nof excced the Hmg L
MOL. One way o in this goal is by diluting the N,
i wroundwater recharge irv HTY g?(}i‘hft! and sweot corn
folds with nitrate-free from other land uses.
Ciroundw: 6 g : His el
Ehm tetal, 19U Lo
fer sonot a corsidenibion, ?(ul‘ &n Lhk
ter a-u,hmu; we of 2 fmm{HnEt
afrwants
gronndwg

arrg] groundwa-
i MO N loading
Cyr T will cnuse average
‘ the MCL. The loading
amatnts of E} to 203 &;g; b expected with recom-
monded fertihzer Monpots toosweet cornand potato are
Five tnmahi times that amount. Henece, cach hectare of
gated sweet corn and potato would require 310 8 ha
o !“mj wses with woro MO, loading 1o mest even this
mrrodest proumdwater guality goal. Previcusly, Stites aad
Kraft (2000} estimated that the N¢ sad coudd bo at-
tained H euch hectare of 5w £
bakanced by only one hectare of N,
uses, based only on NOL concentr dimm abserve
peath irrigated Helds, That ratio was m&m_n\eﬁf_.dgs;:(i 0
baan overly mgaiiu‘sist%c p*‘“ i 1
fying ,wum;mmm
value of det termin
shmple eone
guality

%

; iu!:EHW mt%m th‘m using
ion when ms whing water
Setions.

assossmonds and proy

COMULUSIONS

mn el mvmm foaded substantiad
sstred NO-N fouding was 163
£orn Jnaj 238 kg ha 't for 1993
1 O o T ui fertilizer N and 56
to B ui .umi M N {fortbzer + " pr ipHation + min-
eradized MY These mmounts ar than lading
under both typical and universit recommended fertil-
izer Noapphcstions. Budgets indicated that N loading
wnder sweetcornis 151 kg ha ™ with ity ptwinm;mw:xm:m
and 119 kg ha ™' with the U RIVEFSHY SRsion recor-
mended fortilizer rute. Under postato, calculated NC
toading with the typical (equal 10 recommended) fertil-
frer input is 203 iw ha "' Use of recommended ferilizer
rates reduces N lond zm Hittde or none compared with
the tyvpical inpul.
i ;.E sieeedy arcd

Prrigated swest
N

wundm b,

NO =N Joading greater than 24 kg
ha 'y rage groundwater quality from ficlds
3% mwmi the 10-mg L7F MCL, but the keading expected
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STITES & ERAFE NITRATE AND CHLORIDE LOATHNG TO GROUNDWATER 1183

with typical or university-recommendesd fertilize
puat is five to seven Himes that amount. Difution is the
only significant mechanism decreasing groundwater
MO, concentrations in this setting. To meet the ground-

water-quality goal through dilution, each hectare of irmi-
gated sweet corn and potato would have 10 be offset by
mors than 5 10 8 ha of land uses that contribuie no N ,AJ,,
to groundwater recharge,

The water-vear method worked well for measuring
NO, Ioading under a field in the Wisconsin central sand
platn, Agreement between water-year and budget meth-
ads for both NO; and Cf supporied the validity of both
methods, and our results also agreed with lmited infor-
mation available from other studies (Saffigna ot al.,
1977 Tucker and Hauck, 1978). The water-year method
provided a divect measurement of micimu below the
field, and appears less affected by spatial mrmbsi;t} and
preferential flow than some other methods, No other
method appears as well z‘sdzzpwd for measuring fleld-
scale foading in this selting. A Hmitation 1o the methixd
may be that dispersion | m a thicker vadose zone could
smear oul copcentration gradients required o distin-
guish annual pulses. Future ¢ studies could establish under
what conditions the method remains applicable.
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ABSTRACY

The impact of improved borigation and netrient praviives on ground
witter quality wis assecsed ot the Nebvaska Maoagement Systenm Eval-
aation Area using grovsl water guality data colfected from 16 depibs
st 3 strategivatly lovated prsltileved samplers thre times anmoaily
froam 1991 1o 1996, The site was sectionul into four 134-he manage-
ment felde: () g cowventionsd furrosedrrigated corn §Zea mravs 1.}
fields €06) @ surge-frvigated coen feld, which received 60% texy water
and 3% less N fertilizer than the conventional felds (i o center
pivai-irdgated vorn field, which received 66% less water and 37%
less ™ fertifizer than the conventingnd Heldr and () 2 oenter pivot-
irrigated sifaifa {Medicage sativa L field, Duting CHAHe) indicated
thoe the uppernssst grogad water was <1 16 2 v ebd und that e
sguifer water was stratified with the deeprst water 28 yr old. Re-
churge duaring the wil geewing sesson in 1993 redacd the average
N} concentration in the tog 3 m 20 myg L offectively dilating
and repleing the Mid-cmtambuded water, Nivale concentrations i
the shatlsw vone of the sguifer ncrvased with depth e water, Beneath
thie conventional asid surge-irvigated Redds o hallow geound water con-
ventrations returned o the nitial 30 mg NO =N L evel by fall 1995
huswpver, beneath the conler pivet-irsigated eorn figld, concemiratiions
vepgadmed w13 mg NOSN L0 untl fall D990 A combination of
sprinkler brigation and N fertigation significasly reduced N leaching
with sndy minor reductions (675 in crop yield,
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A eary ool ground water NO, contamination re-
‘ port that many major areas of ponpoint-source
cetbamination are ovated in the irvgated semiarid and
sridd resons of the western USA {Madison and Brunet,
PS Agwderson, 1989 Power and Schep s
ding and Exner, E‘)‘ 3) The thrust of W Teports
provides g ohe ation between nonpoini-source
ground water . Contamination irvigated agri-
cudture.

lenguted agriculture
Gy of sever
Corn Belt, ln
culture and
proxi immtely
e mmiimg‘
cialy from the 2.3 n
fundamental changes in farm practices that not only
lead 1o s;;';:*ut‘?m'm ut are acceptable o producers and
regrbators, Me HM“ s dependence on grouad waler as
the primary source of potable water & the major thrus
fora susiained impetas to develop and implement mors

Em 4 muim‘ iﬂig'}éii‘-{ om the gcon-

: .iﬁ?ﬂ()l”}.’\
crop iaind cspa-
fedd cor, Teguires

jchy

effective agricult mz% management sirategies 1o reduce
groumd water NG contamination,

l?.z:}"{mmw i 1990, the USDA sponsored ) ‘»me
ment : ,:-;-;gm\;mn Ares {MRES
migdweste a the oorn and sovboan [Gleedne say

{L.} Mmr.} a‘\:h, The projects concentraied on
understanding the . mechanists involved in noapomt-
source contamination of surface and ground waler by
sgrochermeals and on developing economdentty accept-

wvel samgdors
s Pasluation Are
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imaximim comtaminant fevel DOC, dissolve
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